A rapid and sensitive enzyme immunoassay is described for detecting rabies antibody in hybridoma culture fluids. Glass fiber filter disks were used to immobilize gamma-irradiated mouse neuroblastoma cells infected with street or laboratory strains of rabies virus. Bound rabies-specific antibody was detected by reaction with horseradish peroxidase-labeled goat anti-mouse immunoglobulin G. The assay was performed in a 96-well filtration device developed by Cleveland et al. (J. Clin. Microbiol. 15:402-407, 1982) for the typing of herpes simplex viruses. When partially disrupted cells were used, both internal and external viral antigens were available for reaction. The procedure is rapid (<4 h for completion) and requires only small amounts of fluid, and the gamma-irradiated antigen is noninfectious. When the procedure was used to screen 145 fluids from rabies-immune spleen-myeloma cell fusions, 132 were positive for rabies antibody. Other commonly used assays for the detection of rabies-specific antibody were less sensitive. Simultaneous analyses of many hybridoma fluids against a battery of street and laboratory strains of rabies virus are possible and allow rapid selection of useful monoclones.
For successful hybridoma production, it is essential to have an assay system of high sensitivity and specificity in which the results of large-scale screenings can be obtained within 24 h. The aim of our monoclonal antibody (Ab) studies was the production of Abs capable of detecting antigenic differences among rabies virus strains used as vaccine seed stock and those rabies "street" isolates currently producing the disease in domestic and wild animals worldwide. Vaccine or laboratory-adapted rabies virus can easily be grown to high titers in cell culture; however, street rabies virus strains grow poorly in cell culture, and only small amounts of complete virus particles are found in cellfree supernates (1, 15) . It is, therefore, difficult to produce the purified virus necessary in the assay systems suitable for large-scale screening for rabies antibody (2, 11, 21) . The enzyme immunofiltration assay (EIA) developed by Cleveland et al. (4) was readily applicable to our work. Gammairradiated rabies virus-infected cells rather than purified virus were used as target antigens, thus reducing the risk of laboratory exposure to infectious material and overcoming the difficulty of producing large quantities of purified street rabies virus.
MATERIALS AND METHODS Production of hybrid cells. All hybrid cells were derived from the spleen of one 6-month-old male BALB/c mouse (Center for Disease Control breeding facility, Lawrenceville, Ga.) which had been injected in the left and right footpads with 0.03 ml and intraperitoneally with 0.8 ml of a 20% suckling mouse brain suspension of the ERA vaccine strain of rabies virus (105 9 50% mouse intracerebral lethal doses per ml). An intravenous booster injection of gamma-irradiated, ERA-infected mouse neuroblastoma (MNA) cell culture supernate (crudely purified by centrifugation at 25,000 rpm for 2.5 h through a glycerol cushion, followed by suspension in phosphate-buffered saline [PBS] at a concentration of 30x) was given 8 weeks later (ca. 1 x 107 50% tissue culture infectious dose of virus). The spleen was removed 2 days * Corresponding author.
later, and cell fusion with an Sp2/0-Ag 14 derivative of the BALB/c myeloma line P3-X63-AG8 was performed by a modification of the procedure described by Kohler and Milstein (13 Virus-neutralizing antibody assay. As virus-infected monolayers were collected for EIA target antigen, cell culture supernates were collected for use as challenge virus in a virus neutralization test.
Neutralizing antibody titers were measured against 10 to 50 fluorescing foci of virus per 0.1 ml of inoculum in MNA cells by a modification of a previously described procedure (20) . Residual virus was detected after a 48 h incubation by staining acetone-fixed monolayers with fluorescein-conjugated antirabies serum (BBL Microbiology Systems, Cockeysville, Md.). A 50% reduction in challenge virus infectivity was considered to be evidence of virus neutralization.
Immunofluorescent antibody staining for intracytoplasmic antigen. Virus-infected MNA monolayers grown on eightchamber Lab-Tek slides or slides made from virus-infected mouse brains were fixed with acetone, treated with hybridoma fluids or control sera for 30 min at 37°C, washed to remove unbound Ab, and then restained with fluoresceinconjugated goat anti-mouse immunoglobulin G (Tago).
Slides were examined at a 200 to 400x magnification with a Zeiss standard universal microscope with vertical illumination. The light source was an XBO-150-W xenon bulb with KP-490 and LP-510 filters.
IFA staining for membrane-associated viral antigen. Immunofluorescent antibody (IFA) staining was performed using the procedure of Lodmell et al. (17) . Unfixed ERA rabies virus infected cell suspensions were washed with PBS and stained at 4°C for 30 min with hybridoma fluid diluted in PBS supplemented with 2% fetal bovine serum and 0.01 M NaN3 (PBSS). After being washed in PBSS, the cells were incubated for 30 min at 4°C with fluorescein-conjugated goat antimouse serum diluted in PBSS. The cells were then washed again in PBSS and suspended in PBS containing 1% Formalin and 50% glycerol. Fluorescent microscopy was performed as described above.
Determination of hybridoma Ab specificity. Only antibodies directed to membrane-associated viral antigens (glycoprotein and possibly the membrane protein) are capable of rabies virus neutralization (15, 24 (Fig. 1) .
Screening of hybridoma supernates for Ab activity. Results of the initial screening for Ab reacting with ERA in 145 hybrid cultures produced in the spleen fusion experiment are shown in Table 2 . It is apparent from these findings that ERA rabies virus is a very effective antigen for hybridoma production and that the EIA system is the most sensitive of the three assay methods tested. Before being cloned by limiting dilution, all 132 antibody-producing hybrid cultures were expanded to larger cultures and then stored in the frozen state. Supernates from these cultures were tested against a battery of laboratory and street strains in the EIA (data not shown), and those hybrid cultures which reacted with some (but not all) of the test virus strains were then retrieved from frozen storage and cloned by limiting dilution.
Individual clones were then reselected by their reaction pattern against a battery of virus strains, expanded to larger cultures and stored in the frozen state. Twenty-six Abmb and 49 Abnc were selected by this procedure. Examples of the reaction patterns displayed by representative clones against five selected rabies virus strains are shown in Fig. 2 and 3 and Tables 3 and 4. Clone 62-15-2 is an Ab,, which reacts equally well with all five laboratory and street strains. Table 3 shows the results of IFA and neutralization tests and Fig. 2A gives the EIA reaction of this Ab.
Clone 62-73-1 is an Abnc which consistently reacts much more strongly in EIA with ERA-infected target cells than with CVS and MD5951 and reacts poorly, or not at all, with TbmLc4 and HB (Fig. 2B) . The values shown in Fig. 2B reflect the results of testing by three other assay methods (Table 3) .
Clone 62-24-10 is also an Ab,,. The data in Fig. 2C and Table 3 show that it reacts strongly with four of the five virus strains tested but fails to react with HB rabies virus. Figure 3A gives the EIA reaction of this Ab. Figure 3B and Table 4 illustrate the results of testing clone 62-105-2, an Abmb which reacts strongly with four of the five virus strains tested but fails to react with CVS rabies virus. Figure 3 and Table 4 illustrate that membrane-associated viral antigens are available for reaction with Ab in the EIA. It should be noted that IFA staining of acetone-fixed cell cultures with Ab directed to membrane antigens gives positive results with some viruses (primarily the laboratory strains of rabies), but the staining pattern is a fine granular one and can be easily distinguished from nucleocapsid staining (15) .
Comparison of EIA with neutralization assay for detection and classification of Abmb. As we proceeded in comparative testing of many rabies virus strains, it became apparent that neutralization was not always a satisfactory method for determining the reaction pattern of the Abmb. For example, although 24 of 26 Abmbs reacted strongly with CVS in the EIA, only 16 of 26 were capable of neutralizing CVS, although these same AbmbS could neutralize other rabies virus strains in the same assay system. Ascitic fluids produced by these hybridoma clones were, however, capable of neutralizing CVS, although their titer against CVS was lower than that noted against other challenge viruses. This remained true even if 10-fold less CVS than other virus strains was used in the challenge inoculum (data not shown).
Although less commonly observed, other rabies virus strains would occasionally resist neutralization by an Abmb use an assay system which requires a minimum amount of virus manipulation for antigen preparation and also can use an inactivated viral antigen for antibody detection. Gammairradiation has been shown to be an effective inactivation method for rabies (7) and for several other viruses, and antigen destruction or change with this method is minimal (5).
In the EIA described here, the disruption of virus-infected cells by a single freezing and thawing process allows both internal and external cell-associated viral antigens to react with Ab. This is important if street rabies virus is used as an antigen. Whereas most laboratory rabies strains have been shown to exhibit extensive cytoplasmic membrane budding (10), street rabies virus has been shown to bud primarily from the endoplasmic reticulum, and even there, virus production is sparse in comparison with the growth of laboratory-adapted rabies strains (9) .
The ability of the EIA to detect Abmb reaction with street rabies virus is probably its most important advantage over other assay systems. As demonstrated in the work presented here and by others (3, 6) , the neutralization reaction is not a satisfactory means of differentiating rabies virus strains. The challenge virus dose used in the neutralization assay is critical, and some strains of rabies virus are less easily neutralized than others, even when minimal amounts of challenge virus are used. This is not a new observation but is a most interesting confirmation by modern technology of an old observation. For example, in 1948 Wright and Habel (25) used cross-immunity tests to compare the antigenicity of the six substrains of Pasteur's fixed rabies virus in use for vaccine production at that time. Ordinarily in such a test between two similar but not identical viruses, the degree of neutralization afforded by homologous serum is higher than that of heterologous serum. However, one of the virus strains tested (virus I) gave uniformly low Ab titer results against immune sera induced by all six viruses, whereas another virus strain (virus III) gave uniformly high Ab titers for the same sera. Similarly, when vaccines made from each of the six viruses were used in a cross-immunity test, vaccine made from virus I gave better protection against infection with virus III than it did against itself. Furthermore, vaccine made from virus III, which gave good protection against itself and four other virus strains, gave little or no protection against infection with virus I.
In summary, the EIA developed by Cleveland et al. (4) is readily applicable to the selection of useful anti-rabies monoclonal Abs and allows the evaluation of strain differences associated with both nucleocapsid and membrane viral antigens. 
